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Abstract

The relationships between injection times and acute reactions to contrast media were examined
among 2,824 patients. During bolus injections of sodium iothalamate, injection times longer than
81 seconds resulted in a higher incidence of reactions than when the injections were relatively rapid.
In females, the incidence of reactions was higher in the group whose injection times were more
than 7 minutes to administer mixtures of meglumine arnidotrizoate and sodium amidotrizoate via
drip infusions. The incidence of nausea and/or vomiting was lower in the group whose injection

times were 81 to 100 seconds. The incidence of vascular pain was lower in the group whose injec-
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tion times were 1 to 20 seconds and 41 to 60 seconds than in other groups. The incidence of these
reactions was similar with all injection speeds, using drip infusions. There is no relatively ‘‘safe’
or ‘‘safer” injection time.

The cause of urticaria is different from that of nausea andfor vomiting, or vascular pain.

During excretory urography and contrast-enhanced computed tomography, reactions of varying
intensity to contrast media can occur, the etiology of which remain obscure. They cannot be at-
tributed to a single cause. Reactions are categorized as due to true allergy or hypersensitivity
(1-3), chemotoxia (4, 5), contrast-induced histamine release (6--8), hypertonicity (9, 10), activa-
tion of complement and coagulation sequences (11-13), and anxiety (14). No matter the cause,
if there were a relatively ‘‘safe’ injection time for a contrast medium, all radiologists would be
bound to inject that contrast medium in that time,

This study adds to the body of available data, observations of a large series of patients con-
cerning the incidence and clinical characteristics of reactions to urographic contrast media. The

relationships between injection times and acute reactions of contrast media were explored.

Subjects and Methods

From March, 1979 through August, 1980, 2,824 patients were referred to the Department of
Radiology, Kyushu University Hospital, for excretory urography. There were 1,182 males and 1,642
females, ranging in age frorn infancy ‘to 88 years. Injection times for, and reactions to, the con-
trast media they received were recorded, but the severities of their reactions were not recorded,
Pretests consisted of the intravenous administration of 0.5-1.0 ml conirast media prior to urography,
Prior to urography, patients were advised that they might experience a transient sense of warmth
as a normal physiologic effect of the contrast medium injected.

For 1,244 urographic examinations a bolus injection of sodium iothalamate was used; for 1,427,
a drip infusion of meglumine amidotrizoate (53%) and sodium amidotrizoate (8%). The remain-
ing 153 received drip infusions of meglumine iodamide 64.9%. Adults received 40 ml sodium
iothalamate, a 100 ml mixture of meglumine amidotrizoate and sodium amidotrizoate, and 100 ml
meglumine iodaraide. Children’s doses ranged from 10 to %0 ml of the contrast medium mentioned
above, depending on age, weight, and renal function.

Results were tested for statistical significance, and a level of p<0.05 was regarded significant.

Resulis

The over-all incidence of reactions was 8.5%, and equal in both sexes (Fig. 1), There were
no deaths from urography, though prompt, vigorous treatment was required for 2 patients with hypo-
tension and dyspnea. One of them received a bolus injection of 40 ml sodium iothalamate; the
other, a 100 ml mixture of meglumine amidotrizoate and sodium amidotrizoate via drip infusion. In
males, the mixture of meglumine and sodium amidotrizoate resulted in a lower rate of reactions
than did other contrast media, with a statistically significant difference (p<0.05). In females, no

significant difference in the incidence of reactions was observed among the three contrast media.
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There was no difference by sex for mixtures of meglumine amidotrizoate and sodium amidotrizoate.
The causes of these differences by sex, type of contrast medium and incidence of reactions to con-
trast media were not determined. Most of the female patients were hospitalized in the Department
of Gynecology, and they discussed among themselves reactions to contrast media before their ex-
aminations. Anxiety being one of the most important factors in producing reactions to contrast
media (14), it might account for their results.

There was a higher incidence of reactions with injection times longer than 81 sec. when sodium
iothalamate was administered. This difference was statistically significant (p<0.001) (Fig. 2).
In females, the incidence of reactions was higher with injection times greater than 7 minutes than
in other groups, using mixtures of meglumine amidotrizoate and sodium amidotrizoate (Fig. 3).
We could not explain the relationship between injection times and acute reactions, there being few
patients with reactions to meglumine iodamide.

The most commonly experienced reactions were nausea andf/or vomiting, wvascular pain and
urticaria (Table I). The frequency of nausea andfor vomiting and vascular pain were higher with
sodium iothalamate than with mixtures of meglumine amidotrizoate and sodium amidotrizate, or
meglumine iodamide, with a statistically significant difference (p<0.005 and p<0.001). The rate
of urticaria was lower with sodium iothalamate than with other contrast media (p<<0.001). The
frequency of nausea and/or vomiting was lower with injection times of 81 to 100 sec. using sodiurn
iothalamate (p<:0.025) (Fig. 4). Vascular pain was less frequent with injection times of 1 to 20
sec. and 41 to 60 sec., than with other injection times using sodium iothalamate (p<0.025) (Fig.
4). The frequencies of all reactions were similar at all injection times using mixtures of meglurmine

amidotrizoate and sodiura amidotrizoate or meglumine iodamide (Fig. 5).
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Table 1 Reactions to Contrast Media According to Injection Technigue

]I Reactions (%)* Patients
| Administration Nausea andjor | Vi with Reactions
k 1 . . . [}
| Vomiting f Pain Urticaria No. (%)
Bolus Injection 71 (57.3)%* ‘ 26 (21.0)° ‘ 17 (13.7) 124 (100)
Drip Infusion (6.8 | 7(6.00 | 49 (41.9)°° 117 (100)

* Some patients experienced more than one reaction.
#% Statistically significant difference (p<<0.005).

© Statistically significant difference (p<0.001).

°@ Btatistically significant difference (p<0.001).
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Fig. 4 Reactions according to injection times using

bolus injections of sodium iothalamate.

Fig.3 Incidence of reactions to contrast media
by injection time; mixture of meglumine amido-
trizoate and sodium amidotrizoate drip. *Some patients experienced more than one re-

action.

#*Total patients with reactions.

% No. of patients with reactions
No. of patients examined

Discussion

Shehadi reported that injections within a few seconds to a minute were accompanied by lower

reaction rates than were slower injections (15). In our series there was a lower rate of reactions

with injections of 1 to 80 sec. than with injections lasting 81 .seconds and more, using a bolus of
sodium jothalamate. More frequent reactions with slow injections could result during the initial
injection and subsequent prolonged injection. Nausea and/or vomiting and vascular pain sometimes
occurred during the courses of injections. In our series, whereas nausea andfor vomiting were less

frequent with slow bolus injections (81 to 100 sec.), vascular pain was less frequent with rapid bolus
injections (1 to 20 sec. and 41 to 60 sec.), suggesting that the prolongation factor described above

probably did not play an important role in causing higher rates of reactions with slower injections.
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There have been no previous reports of a statistically significant differeces in the incidence of
nausea and/or vomiting and vascular pain according to injection times. Probably, there are etiolo-
gical differences in these two groups of reactions. Haymarker and Kuhlenbeck reported that the
most probable reason for vomiting was stimulation of the chemoreceptor trigger zone in the floor
of the fourth ventricle, which controls the vomiting center. This zone is immediately adjacent to
the area postrema, a region known for its lack of a blood-brain barrier (16). Lalli stated that the
rapid onset of nausea and vomiting during or immediately following injections of contrast media
are due to penetration of the area postrema and stimulation of the vomiting center (17). This is
a function of contact time, anions and dosage, as contrast media penetrate the blood-brain barrier
(18-20). Our administration of sodium iothalamate with its higher sodium content was accorapanied
by higher rates of reactions than the methylglucamine group (15). Sodium salts of various contrast
media were considered more toxic for the brain than was methylglucamine (17). In all of these
observations it appears that with bolus injections of sodium iothalamate, the relationship between
injection times and acute reactions to the contrast medium is different from those of other groups
of media. This was true in our series (Fig. 2, Table I and Fig. 4). Thus, at least part of the
cause of nausea and/or vomiting is the concentration of the contrast medium (sodium iothalamate)),
and the chemotoxicity or hypertonicity.

As proved by post-injection radiography of injection sites (21), the vascular pain was due to
vaso-spasm with stasis of the contrast medium. The cause of the vasospasm is a reflex action in
response to irritation by the substance injected (22). This opinion is supported by the fact that

the pain is localized in nature and rapid in onset. The irritation by the substance is the result of
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hypertonicity or chemotoxicity. If so, vascular pain should be more frequent with rapid injections,
which are accompanied by more hypertonic or chemotoxic effects. The results of our series did
not agree with the incidence of vascular pain being lower with relatively rapid injections, possibly
because rapid injections could increase the hyperosmolarity and chemotoxicity in the local vein.
However, rapid injection expands the venous lumen, preventing vaso-spasm and vascular pain.
Urticaria stems from a different cause than does nausea and/or vomiting or vascular pain,
because of the differences in relationships between injection times and these reactions to contrast
media. There was no significant difference in the incidence of urticaria according to injection
times by bolus injection or drip infusion. The incidence of urticaria was lower with the administration
of sodium iothalamate than with other contrast media, but the rates of the other two major reac-
tions were higher with bolus injections than drip infusions. From these observations it appears that
urticaria is not due to the plasma concentration of the contrast material. Drip infusions are of
longer duration than bolus injections, and they cause patients to feel unpleasant longer and to have

greater anxiety.

Conclusions

The types of contrast media, severity of reactions to contrast media, the clinical efficacy, and
ease of management of contrast media reactions were not compared in this study. Nor was a
relatively ‘‘safe’” or ‘‘safer’ injection time determind. However, this series did show that there is
no such ‘‘safe’’ injection time for drip infusions of mixtures of meglumine amidotrizoate and sodium
amidotrizoate; that injection times longer than 81 seconds had a higher incidence of reactions than
did rapid injections using bolus injections of sodium iothalamate; that the incidence of nausea and/
or vomiting was lower in the group with injection times of 81 to 100 sec.; and that the frequency
of vascular pain was lower with injections performed in 1 to 20 seconds and 41 to 60 seconds, than
in other groups. The cause of urticaria is different from that of nausea and/or vomiting and vascular
pain.

All radiologists utilizing excretory urography and contrast enhancement in computed tomography

should be aware of these differences, especially when using bolus injections of contrast media.

Acknowledgements

The authors are grateful to Dr. Walter J. Russell of the Radiation Effects Research Foundation,

Hiroshima, for editng this manuscript.

(This manuscript was presented at the Fortieth Annual Meeting of the Nippon Societas Radiolo-
gica, Fukuoka, Japan, Apr. 1-4, 1981).

References

1) Brasch, R.C., Caldwell, J.L.: The allergic theory of radiocontrast agent toxicity: Demonstration of antibody
activity in sera of patients suffering major radiocontrast agent reactions. Invest. Radiol. 11 : 347—356,
1976

2) Brasch, R.C., Caldwell, J.L., Fudenberg, H.H.: Antibodies to radiographic contrast agents: Induction and
characterization of rabbit antibody. Invest. Radiol. 11 : 1--9, 1976



772-—(42) HAESERERFSME $42% He 5

3) Kleinknecht, D., Deloux, J., Homberg, J.C.: Acute renal failure after intravenous urcgraphy: Detection of
antibodies against contrast media. Clin. Nephrol. 2 : 116—119, 1974

4) Lasser, E.C.: Basic mechanisms of contrast media reaction. Theoretical and experimental considerations.
Radiology 91 : 63—65, Jul 1968

5) Higgins, C.B.: Effects of contrast media on the conducting system of the heart. Radiology 124 : 599—606,
Sep 1977

6) Lasser, E.C., Walters, A., Reuter, S.R., Lang., J.: Histamine release by contrast media. Radiology 100 :
683—686, Sep 1971

7) Rockoff, $.D., Kuhn, D., Chraplyvy, M.: Contrast media as histamine liberators: V. Comparison of in
vitro mast cell histamine release by sodium and methylglucamine salts. Invest. Radiol. 7 : 177—181 (May-
June) 1972

8) Lasser, E.C., Walters A.J., Lang, J.H.: An experimental basis for histamine release in contrast material
reactions. Radiology 110 : 49—59, Jan 1974

9) Lindgren, P.: Hemodynamic responses to contrast media. Invest. Radiol. 5 : 424—435 (Nov-Dec) 1970

10) McClennan, B.L., Kassner, E.G., Becker, J.A.: Overdose at excretory urography: Toxic cause of death.
Radiology 105 : 383—286, Nov 1972

11) Heideman, N., Jacobsson, B., Lindholm, N.: Activation of the complement system by water-soluble con-
trast media. Acta Radiol. [Diagn] (Stockh) 17 : 733—-736, 1976

12) Lang, j.H., Lasser, E.C., Kolb, W.P.: Activation of the complement system by x-ray contrast media.
Invest. Radiol. 11 : 303—308, 1976

13) Lasser, E.C., Slivka, ]., Lang, J.H., Kolb, W.P., Lyon, S.G., Hamblin, A.E., Nazareno, G.: Complement
and coagulation: Causative considerations in contrast catastrophies. Am. J. Roentgenol. 132 : 171--176,
Feb 1979

14) Lalli, A.F.: Urographic contrast media reactions and anxiety. Radiology 112 : 267—271, Aug 1974

15) Shehadi, W.H.: Adverse reactions to intravascularly administered contrast media. A comprehensive study
based on a prospective survey. Am. ]J. Roentgenol. 124 : 145—152, May 1975

16) Haymaker, W., Kuhlenbeck, H.: (In) Baker, A.B., Baker, L.H., eds: Clinical Neurology. Hagerstown
MD, Harper & Row, 1977, Vol. 3, p 10

17) Lalli, A.F.: Contrast media reactions: Data analysis and hypothesis. Radiology 134 : 1—12, Jan 1980

18) Broman, T., Olsson, C.: The tolerance of cerebral blood vessels to a contrast medium of the diodrast
group. Acta Radiol 30 : 326—342, Nov 1948

19) Toernell, G.: Influence of contrast media on the central nervous system. Acta Radiol [Diagn] 1 : 932—
940, May 1963

20) Lampe, K.F., James, G., Erbesfeld, M., Mende, T.]J., Viamonte, M.]Jr.: Cerebrovascular permeability of
a water-soluble contrast material, Hypaque (sodium diatrizoate). Experimental study in dogs. Invest. Radiol.
5:79—85 (Mar-Apr) 1970

21) Davies, P., Roberts, M.B., Roylance, ]J.: Acute reactions to urographic contrast media, Brit. Med. J.
24 ; 434—437, May 1975

22) Inman, G.K.E.: A comparison of urographic contrast media, with particular reference to the aeticlogy and
prevention of certain side effects. Brit. J. Radiol 25 : 625—631, Dec 1952




